Abstract: Asian swamp eel is a highly commercial fish, primarily for China and other Asian countries. The aim of this paper is to evaluate the genetic diversity of wild and cultured samples of Asian swamp eel Monopterus albus using ISSR markers. A total of 129 individuals belonging to three wild samples, Xiantao (XT), Huanggang (HG), Xinyang (XY) and three cultured samples, Wuhan (WH), Jingzhou (JZ) and Nanjing (NJ) were randomly selected for genetic analysis. Twelve ISSR primers were used for screening the six populations and 110 loci were obtained. The polymorphic loci were estimated to be 54%, 56.3%, 58.2%, 60.6%, 69.5% and 71% in NJ, WH, JZ, XT, HG and XY samples, respectively. Average heterozygosity value varied from 0.1956 to 0.2449. The three wild samples showed higher genetic diversity than the cultured samples (P < 0.05), including polymorphic bands (PPB), observed number of alleles per locus (No), effective number of alleles per locus (Ne), Nei's gene diversity index (H ) and Shannon's information index (I ).
Introduction
Swamp eel, Monopterus albus (Zuiew, 1793) , is an important economical freshwater fish in China and other Asian countries because of its medicinal and food value (Zhou et al. 2002) . The farming of swamp eel has made a rapid progress during the past decade. However, the production of swamp eel has become seriously challenged not only because of the poor bacterial resistance of farmed populations, but also because of decline in wild populations due to large scale application of pesticides and overfishing (Lei et al. 2012) . All the time, swamp eels were chosen as models for sex reversal research (Tao et al. 1993 ) and as target species for ecological and physiological study (Matsumoto et al. 2010) . However, the population genetics and phylogeny of swamp eel remained little studied (Matsumoto et al. 2010 ). In the effort to conserving and sustainably exploiting these resources, genetic diversity and population structure studies of this species are urgently needed. Isozymes (Yang et al. 2005) , RAPD (Yin et al. 2005) , Mitochondrial DNA Diversity (Matsumoto et al. 2010; Cai et al. 2008 ) and microsatellites (Li et al. 2007 ; Lei et al. 2012 ) were used to assessing population differentiation and the genetic variation of swamp eels. At present, there is no report on comparing the genetic diversity of wild and cultured samples of swamp eel using ISSR markers. As we know, most hatchery stocks show a reduced genetic diversity, which may result in the reduction of the population's capability to adapt to environments (Allendorf & Phelps 1980) . Therefore, it is necessary to establish basic information on genetic background of the aquaculture population not only for genetic enhancement programs but also for protection of the genetic diversity of natural populations.
Several PCR-based DNA markers have been developed for the genetic analysis of fish (Liu & Cordes 2004) . ISSR marker permits the detection of polymorphism loci without knowing DNA sequences of species (Zietkiewicz et al. 1994; Barth et al. 2002) . In addition, ISSR has some advantages over other markers such as reproducibility and lower cost (Godwin et al. 1997; Nagaoka & Ogihara 1997; Qian et al. 2001; Liu et al. 2006 ). This technique has been widely used in plant Huang et al. 2010) , fish (Chen et al. 2009; Liu et al. 2009 ), fungi (Wang et al. 2005; Lin et al. 2012 ) and invertebrates (Hou et al. 2006; Zhao et al. 2009 ) genetic studies. This paper is to determine the genetic variations among wild and hatchery populations of swamp eel and provide foundational information for further selective breeding program of this species.
Material and methods

Sample collection
A total of 129 individuals of swamp eels were collected and genetically screened in the present study. Individuals averaged 30 cm in size and were collected in 2010-2011. Geographic locations and sample sizes are shown in Genomic DNA extraction DNA extraction was performed as previously described in Pradeep et al. (2005) with little modification. 2 g muscle of each sample was homogenized in lysis buffer (50 mM Tris-HCl, 1 mM EDTA pH 8.0) and treated with 10 mg/ml proteinase K at 55
• C for 2 h. The homogenate was then extracted twice with phenol: chloroform, and then precipitated using 1/10 volume 3 M NaAc and 2 volumes ethanol. Precipitated DNA was washed with 75% ethanol and dissolved in 100 µl of TE buffer for further genetic analysis.
ISSR PCR amplification
Sixty primers were synthesized by Shanghai Sangon Inc. Amplifications were performed on an Applied Biosystems Thermal Cycler (2720 TC). PCR amplification was carried out in a 20 µl reaction system including 20 pmol of primer, 100 µM of dNTPs, 10 mM Tris-HCl (pH 8.0), 50 mM KCl, 2.5 mM MgCl2, 1% formamide, 1 unit of DNA polymerase, and approximately 50 ng of template DNA. PCR conditions were as follows: initial incubation at 94 • C. 10 µl amplification products were analyzed on 1.5% agarose gel with DNA marker. The number of bands was recorded using Gene Genius Bio Imaging System. The sizes of DNA fragments were estimated by comparing the DNA bands with a DL2000 DNA marker. Explanations: Y = (C, T), R = (A, G). NBR: no. of band recorded; NPB: no. of polymorphic bands; PPB: percentage of polymorphic bands. 
Data analysis
Only the reproducible and consistent bands were recorded for further analysis. Amplified products scored for band presence (1) or absence (0) and a binary qualitative data matrix was constructed. Fragments which could not be unambiguously recognized were not scored for analysis. The 0/1 matrix was then used for analysis of the percentage of polymorphic bands (PPB), the observed number of alleles per locus (No), the effective number of alleles per locus (Ne), the Shannon's information index (I ) and the Nei's gene diversity index (H) by using POPGENE program (Yeh et al. 1999 ). Nei's (1978) unbiased distance and similarity measures was performed to calculate the genetic distances between populations. Analysis of Molecular Variance (AMOVA) was performed to analyze genetic distance among samples using ARLEQUIN program (Schneider et al. 2000) . A UPGMA dendrogram was constructed based on the Nei's (1978) genetic distances for determining the genetic relationship among populations.
Results
ISSR polymorphism
Sixty ISSR primers were screened on five randomly selected individuals. The 12 primers which can produce repeatable and polymorphic bands were chosen for further genetic analysis (Table 2) . A representative ISSR profile of swamp eel populations using primer ma810 was shown in Fig. 1 . The 12 selected primers produced 110 bands ranging in size from 200 to 2000 bp. On average one primer produced 9.16 bands including 7.58 bands with polymorphic style. Every primer produced polymorphic bands when all of the six samples were considered. The total number of bands and polymorphic bands produced by each primer varied. The highest number of bands was produced by ma810, and the highest number of polymorphic bands was also produced by ma810. Both the ma842 and ma846 could produce the lowest number of bands and polymorphic bands ( Table 2) . The polymorphic loci were estimated to be 54%, 56.3%, 58.2%, 60.6%, 69.5% and 71% in NJ, WH, JZ, XT, HG and XY populations, respectively (Table 3) Genetic structure differences between wild and hatchery samples The WH sample showed the lowest genetic diversity including the total number of ISSR bands, total polymorphic bands, average heterozygosity than all the other samples (P < 0.05). In addtion, the samples of XY exhibited the highest level of diversity (P < 0.05). Moreover, the three wild samples showed higher level of variability whereas the cultured population JZ, WH and Significance tests after 1000 permutations. NJ showed the lower level of variability (P < 0.05) (Table 3). The total genetic diversity (H T ), the withinpopulation genetic diversity (H S ) and the coefficient of genetic differentiation (G ST ) between populations is estimated to be is 0.2505, 0.1976 and 0.3764, respectively. Gene flow (Nm) value was calculated as 0.828 among the six populations. AMOVA was used to assess the molecular variance within and among populations. The results showed that significant genetic differences were revealed that of the total genetic diversity, 69.59% was from within-populations and the rest (30.41%) from among-populations (Table 4) .
Fixation index (F ST ) was calculated with AR-LEQUIN and genetic distance between pairs of populations (D) was evaluated by POPGEN. Among the six swamp eel samples, population WH and HG were most similar (F ST : 0.1168; D: 0.0668), while population NJ and HG was most dissimilar (F ST : 0.1795; D: 0.1280) ( Table 5 ). The UPGMA dendrogram produced on the basis of the inter-sample genetic similarity is shown in Fig. 2 . Relationship between population HG, WH, JZ and XT which are all located near the latitude (N) 30
• is closer than that of population XY and NJ which are both located nearer to latitude (N) 32
• (Fig. 2) .
Discussion
ISSR has been proved to be useful in population genetic studies because of its high reproducibility and its great power for the detection of polymorphism (Barth et al. 2002; Cao et al. 2006; Liu et al. 2009 ). Genetic variation had been studied in Japanese flounder, Parlichthys olivaceus (Temminck et Schlegel, 1846) in China utilizing ISSR (Liu et al. 2006) , which reported a percent polymorphic loci of 27.45-33.92%, and observed a mean heterozygosity value of 0.0921-0.1086. These values are considerably higher (P < 0.01) than those reported (P: 24.1%; H: 0.0788) utilizing allozyme (You et al. 2001) . Similarly, our study suggested that ISSR can detect more polymorphic loci than RAPD when used in swamp eel population structure analysis. For example, Yin et al. (2005) assessed the genetic differentiation and variation of the wild and raised swamp eels using RAPD technique. Their results showed that the percent polymorphic loci was 44.79% and 36.5% in wild and in raised populations, respectively. The value of average heterozygosity for wild and raised samples were 0.2155 and 0.1908, respectively. In this study, we used ISSR to assess the genetic variation of wild and cultured samples. The results showed that the percent polymorphic loci of wild samples was 60.6-71%, while the percent polymorphic loci of cultured samples was 54-56.3%. Moreover, the average heterozygosity was 0.2901 in wild samples and 0.2632 in raised populations. All these values are higher than those of Yin's results (P < 0.05). However, many reports also pointed out that microsatellite and AFLP markers can detect more polymorphism loci than ISSR (Sekino & Hara 2001; Liu et al. 2009; Badfar-Chaleshtori et al. 2012) . Lei et al., (2012) isolated 16 polymorphic novel microsatellites from two natural swamp eel populations and found that the average allele number of the 16 microsatellites was 10.1 per locus, which is higher than what we had found in the six populations (9.16 per locus). However, the average number of alleles per locus was evaluated to be 7.9 when AFLP marker was used to screening the swamp eel populations, which is lower than the value that we obtained (Li et al. 2007) . In this paper, we suggested that ISSR is an efficient method for evaluating genetic variations among wild and cultured populations of Asian swamp eel, and should be useful for the assessment of genetic structures of swamp eel. Both gene differentiation and gene flow are regarded as important indexes of evaluating population genetic structure of a species. Based on the Fst values and AMOVA results, we indicated that most of the total genetic variances of different population from central China existed within populations and some variations existed among populations. According to the rule published by Govindajaru et al. (1989) , the Nm value of our study in this paper (Nm = 0.828) was intermediate which was probably due to the frequently live fish transportation and sampling locality of this study.
Cultured populations tended to be genetically less diverse than wild populations (Wolfus et al. 1997; Yu & Guo 2004; Liu et al. 2009 ), which would lead to degradation of ability to adapt to new environments (Allendorf & Phelps 1980) . Therefore, it is of urgency to elucidating the genetic background of the cultured population both for genetic improvement as well as for protection of the genetic diversity of wild populations (Liu et al. 2009 ). Our results showed that the three hatchery samples exhibited lower genetic viability (P < 0.05) than those of wild samples. Therefore, proper breeding plans should be formulated for sustainability of the culture of swamp eel to prevent the deterioration of destruction of genetic diversity.
